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ABSTRACT 

/ / 3 6 /  i s -  
It is suggested that measurement of electron concentrations i n  

.p 

the uppsr ionosphere and interplanetarg space by determining the resis- 

tance of antenna plasma-wave radiation presents a number of advantages 

over methods in  which a major role is  played by the Debye shielding and 

disturbances caused by bo@ motions. Determination of the dependence of 

radiation impedance on frequency makes it possible t o  evaluate plasma fre- 

quency and thereby plasma electron concentration, since the errors a t t r i -  

butable t o  the presence of a constant magnetic f i e ld  are s m a l l  and can be 

t 

r -  

accounted for  when the magnetic f ie ld  intnesity i s  known. The expression 

for  radiation impedance of an elementary dipole is  derived for the case 

of IOW anisotropy, &en a relatively narrow frequency range near the plhma 

frequency, the plasma wave's refraction index is 91, On the basis of 

t h i s  expression the elementary dipole radiation impedance for  the upper 

* 0 vozmozhnosti izmereniy elektronnoy kon t sq ra t s i i  v verkhney ionosfere 
i me zhplanetnom prostranstve PO izluchenip plazmennykh voln. 
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/ / 3 6 /  
f o r  the upper par t  of the F-layer (n = 3.5 10 5 electrons/cm3, T = 1030K) \ 

\ was calculated t o  be of the order o f  5 
5 cm. A similar calculation f o r  interplanetary space gas (n = 102 electr/cm3 

4 3 T = 10 0 K) gives the same resistance value fbr a dipole length of 10 

I& ohm with a dipole length of  5 

cm. 

* 
* * 

It is  w e l l  known that  currently there hardly ex is t  somewhat satis-  

factory methods f o r  electron concentration measurements in the upper iono- 

sphere and in interplanetary space. 

The idea was put forth by V. L. Ginzburg, whereby it would be pos- 

s ible  t o  measure the electron concentration of  interplanetary gas by way of 

measuring the resistance of antenna radiation i n  plasma waves. A s  is  w e l l  

known, i n  case of  weak anisotropy the plasma waveslrefractive index i s  

n3 5 1  

is why the dipole radiation resistance a t  thesefrquencies must have a 

sharp rnaxhum. Besides, the resistance of antenna radiation is  determined 

a t  a weak absorption by a sufficiently large spat ia l  region, the dimensions 

of which are significantly greater than those of  Debye shielding. The con- 

sequence is  that the given method has a series of advantages i n  comparison 

with the other methods of local electron concentration measurements, i n  

which the kbye shielding of  the body placed i n  the plasma and the pertur- 

bations l i n k e d  with body motion acquire a significant value. 

in a rather narrow frequency range near the plasma frequency. That 

A s  t o  measurements of the resistance of transverse m e s r  radiation 
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this method i s  inconvenient from the practical  standpoint because of the 

smallness of  the resistance of elementarg dipole radiation i n  transverse 

waves (see below). 

The problem of plasma-wave dipole radiation was solved in the iso-  

tropic case by Andronov and Gorodinskiy [l] A more general problem of 

electron radiation i n  an anisotropic medium is examined by Eydman t2]. 

The results obtalned by the l a t t e r  may be uti l ized f o r  the determination 

of elementary dipole radiat%$&n the anisotropic case*, The energy 

emitted by a charge q into a plasma wave is  [2] t 

e mce 

where n,=(F/RVfJ;)"* is  the refractive index of the plasma wave, 
I 

I 
R-3 sin' O / (  1- 4u) t [ 1 +(5- u ) / (  1 -u)'] sin? 8 COS' 6 +3( 1 -u) COS' 0;  I 

F =  1 - ~ - V + U V C O S 2 ~ ;  

v = o p 2 ;  u = w;/w2, 

ro is  the radius of  the charge rotation in the magnetic field,  w, wo, W H (  

respectively are the operating, the plasma and the gyro-frequencies, 6 is 

the angle between the direction o f  the wave vector K and the direction 

of the lines of force of the magnetic field,  ? T = ~ T / c  

the thermal velocity of  plasma electrons t o  the speed of l i gh t  in  the 

vacuum. The expression f o r  the emit ted energy in reference 621 was obtained 

under the following assumptions : 

is  the ra t io  of  

* I n  the f o l l o w k g  we shall always have in mind "dipole 
plasma-wave radiation bpedance*' when speaking of 
'Idipole radiation impedance Ir 
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the radiation resistance is 

cos 3. 

The limits of integration m a y  be found in the expression (2)  from the 

followbg considerations, The propagation of  plasma waves i s  possible 

under the condition 
F > O ;  ' 

F <*0,02R V 2 .  

The inequality F > 0 is obvious. The condition (3a) is linked with the 

presence of Landau attenuation, Assuming indeed a minimum plasma wave 

length hK,=63D I"], 1 where D is  the Deby-e radius*, we have 

n;Kp = A@'&, ( & , = 2 m / ~ ) . ~  .- . 

Utilizing the inequality n~=F/R-VP2,<n~K,, we obtain the condition (3a) 

I n  the problem concerned w i t h  the hasurement of electron concen- 

t ra t ion i n  the ionosphrre and interplanetary the utmost interest  resides 

in the caSe of weak anisotropy (u/V <( 1, V < 1). 

sphere model brought out i n  [q, this case is realized f o r  the 300 t o  

1000 km alt i tude range and at distances greater than 2.5 - 3 Earth radii. 

A t  the same time (2) may be significantly simplified. 

According t o  the iono- 
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5. 

Under the condition u'/V* 1 and V <1 w e  obtain: 

. 

where V'=1-V=2Aw/w0, Aw=w--wo, The integration limits i n  the expres- 

sion ( 5 )  are easily determinable from the conditions (3) and (3a). 

P l o t t e d  are i n  Fig.l the resul ts  of computation of  the depen- 

dence of I on V' f o r  varias values of  u, It may be seen from the 

diagram that the quantity I varies signFficantly faSter a t  s m a l l  detu- 

- 

nings than the multiplier ahead of I in the expression (4) f o r  the 

radiation'resistance. That i s  why we may consider tha t  the variation of 

radiation resistance with frequency is  characterized by the dependence 

I ( V ' ) .  

Fig. 1 
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. 
It must be noted tha t  the masdnum value I and the character of ths 

curve I (VI)- its width and the accretion speed near the maxinaun - 
are l i t t l e  dependent on the quantity u. The behavior of the curves 

i n  the dropping portion i s  conditio3ned by Landau attenuation and is  

dependent on the choise of  

consequently a lso  that  of the radiation resistance f o r  various 

I 

The value o f  the maximum of  I, and 

2, 
ICP' 

correspond t o  

Therefore the 

quencitss near 

different V0, 

mtudllzum value of radiation resistance is  obtained at fre- 

the plasma frequency. 

and a t  the same time VI d u  + 0.03. 
0- 

Measurements o f  the dependence on frequency of radiation resis- 

tance provide the possibil i ty of  determining the value o f  plasma fre- 

quency, and by the same token the plasma electron concentration. The 

errors stemming from the presence of a constant magnetic f ie ld  are 

small and m a y  be easi ly  accounted for ,  provided the value of  the magne- 

t i c  f i e l d  is known. Besides, measurements of the absolute value of radia- 

t ion resistance in the ascending branch of  the curve R g  (VI) allow t o  

deteMRine the thermal velocity of electrons VT (see (4). ) , and come- 

quently 

f o r  the 

gives a 

the temperature of  the electron gas. 

The calculation of  the resistance of elementary dipole radiation 
3 upper par t  of the F-layer ( N = 3.5 105 electron ciii3, T = 10 

magnitude of the order of  5 *10 ohm f o r  a dipole length o f  5 cm, 

K) 
4 

A similar c d d a t i o n  f o r  interplanetary gas (n = 102electron*m~3, 

T ==lo 0 K ) gives the RL the sane value f o r  a dipole length ro = 10 cm. 4 3 
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For comparison l e t  us point out that  the radiation impedance of such 

dipoles f o r  transverse waves i n  the same frequencies constitutes thousandths 

of one ohm, 

I n  reality, a sharp transition from weak transverse wave radiation 

t o  an intense plasma-wave radiation w i l l  be observed a t  variation of radia- 

t ion frequency of gas! electron density, A t  the side of l o w  frequencies 

the plasma wave radiation is  limited by the sharp drop of the refractive 

index n3, 

the Laudau attenuation mechanism. The plasma-wave radiation impedance rea- 

ches an enormous value i n  a comparatively narrow frequency band ( h / @ - O , O 3 j  

For  the above-presented cases it constitutes d105  ohms. It i s  quite natu- 

ral tha t  such radiation impedances may be easily measured with the help of  

s h p l e s t  radiotechnical means. 

and a t  the side of high frequencies - by a strong effect  of 

A possible effect  uponpkma wave Debp shielding and plasma dis-  

turbances, linked with body motion and the ponderomotive effect  of antenna 

f ie ld  itself*, will apparently manifest i t s e l f  i n  %he form of Landau atte- 

nuation effect  increase i n  the immediate vicinity of  the antenna, because 

of lower electron concentration, 

of the active par t  of radiation impedance RE, but also t o  the appearance 

of  reactance. However, inasmuch as the magnitude of the perturbed region 

does not significantly exceed the Debp radius dimensions, the variation 

e f fec t  of  radiation impedance would hardly be great f o r  plasma WBV~S, 

whose length is  comparable w i t h  tha t  region's dimensions. The presentation 

of quantitative estimates of th i s  effect  in the current paper qpears  t o  

be bpossible. However, even i n  the case whereby radiation impedance should 

This m a y  not only lead t o  a diminution 

d 

* see next page. 
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decrease by one-ttwo orders  on account of  various such factors, t h i s  

would not apparently lower the precision of electron concentration measure- 

ments, f o r  the remaining par t  o f  radiation impedance w i l l  s t i l l  constitute 

a significant quantity, 

In  conclusion the authors express the i r  gratitude t o  G, G. Getman- 

tsev, V. L, Ginaburg and V. Ya. Eydman f o r  their  attention t o  th i s  work 

and the i r  valuable comments. 
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* From the preceding page. 
The ponderomotive effect of antenna high-frequency f i e ld  m a y  lead 

t o  substantial plasma perturbations near the antenna, 
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